Acetylenic metabolites belong to a class of molecules containing triple bond(s). They are found in plants, fungi, microorganisms, and marine invertebrates. This review presents 139 active acetylenic molecules of plant, fungal, and soil bacterial origin that reveal cytotoxic and/or anticancer activities. Although many compounds of this group possess encouraging characteristics, they have never been evaluated as potential anticancer agents. They are of great interest, especially for the medicine and/or pharmaceutical industries. Here we describe structures and biological activities of acetylenic metabolites.
Introduction
Natural acetylenic compounds have been isolated from a wide variety of plant species, cultures of higher fungi, and marine invertebrates [1] [2] [3] [4] [5] [6] [7] [8] . Many of them display important biological activities, namely antitumor, antibacterial, antimicrobial, antifungal, pesticidal, phototoxic, and other chemical and medicinal properties [9, 10] . Currently, about half of all prescribed medicines are extracted or derived from terrestrial plants and microorganisms. Most of the synthetic drugs, it should be noted, were originally inspired by novel compounds discovered in terrestrial organisms [11] .
Plants have been used worldwide for treatment of various human ailments since antiquity. Their use is still quite prevalent in developing countries in the form of traditional/folkloric medicine.
Intensive chemical and pharmacological studies during the last five decades have led in many cases to validation of traditional claims and facilitated identification of the traditional medicinal plants and of their active principles. Biological activities of acetylenes and related compounds from higher plants have been studied intensively in recent years and their activity in various organisms is now well documented. More than 800 acetylenic metabolites have been isolated and identified from plant species [2-4, 8, 12, 13] .
Thousands of herbal and traditional compounds are being screened worldwide to validate their use as anti-cancer drugs, but terrestrial acetylenic compounds comprise an especially interesting group of the anticancer agents. Their structure and biological activities, modes of action, and future prospects are discussed.
Many anticancer acetylenic compounds have been isolated from the genus Panax. Panax ginseng roots have long been used as a medicinal herb in oriental countries. The extracts from the ginseng roots exhibited significant antitumor activities. The ethyl acetate fraction extracted from Korean ginseng root inhibited the growth of murine leukemia L5178Y
Acetylenic Metabolites from Plant Species
The Araliaceae (ivy and ginseng family) comprises some 50 genera and about 1,100 species, mainly in tropical and subtropical regions. Trees, shrubs, liana and some very rare herbaceous plants are members of this family [14] . cells and murine Sarcoma 180 cells in vitro [15a] ; petroleum ether extracts of Panax ginseng roots showed inhibitory activity against three human renal cell carcinoma (RCC) cell lines, A498, Caki-1, and CURC II [15b] ; the petroleum ether extract from Korean ginseng roots inhibited the growth of murine leukemia L5178Y cells and murine Sarcoma 180 cells in vitro, and also inhibited DNA, RNA, and protein synthesis in the latter cell [15c] ; the extract of the roots of Panax notoginseng exhibited a significant anti-tumor-promoting activity on twostage carcinogenesis of mouse skin tumors [15d] ; water extracts of the roots Pfaffia paniculata (Brazilian ginseng) showed cytotoxic effects on the Ehrlich tumor in its ascitic form in mice [15e] ; and the American ginseng root extract demonstrated an effect on proliferation of breast cancer cell lines . Other cytotoxic activities of the ginseng root extracts have also been observed and reported [16] .
Two polyacetylenes, heptadeca-3-oxo-4,6-diyne-9,10-diol (panaxacol 1) and its dihydro derivative (dihydropanaxacol 2) were isolated from the callus of Panax ginseng [17] . Both compounds inhibited the growth of Yoshida sarcoma cells in tissue culture, and have been synthesized [17] . Panaxyne (3) (tetradeca-13-ene-1,3-diyne-6,7-diol) was isolated from the Korean red ginseng [18] . The ED 50 value of panaxyne for cytotoxicity against L1210 cell was 11 µg/mL. The cytotoxic activity of the compound was lower than that manifested by other ginseng polyynes which was presumably due to lack in the panaxyne molecule of an essential structural part (hept-1-en-4,6-diyne-3-ol) . Another polyacetylene compound isolated from P. ginseng possessed a diyne-ene and an epoxy moiety [19] . Tetradeca-13-ene-1,3-diyne-6,7-epoxide (panaxyne epoxide 4) revealed cytotoxic activity against L1210 cells [19] .
The content of some polyacetylenes in P. ginseng is quite high. Thus panaxydol (5), panaxynol (falcarinol) (6) and panaxytriol (7) are present in red ginseng powder at concentrations of 297, 250, and 320 µg/g, respectively. The antitumor alcohols panaxydol and panaxynol, from a powder of the root of Panax ginseng inhibited the growth of various kinds of cultured tumor cell lines [20] .
The α-cyclodextrin complexes of (5) and (6) inhibited growth of various kinds of cultured cell lines in a concentration-dependent fashion. Their inhibitory activity was much stronger against malignant cells than against normal cells. ATPase activities of cells from Sarcoma 180 and rat liver were slightly inhibited by panaxydol (5). Activities of 5'-nucleotidase, and succinate cytochrome C reductase in Sarcoma 180 cells and in rat liver were significantly inhibited in a dose-dependent manner by panaxynol (6) [21] . To investigate the cytotoxic mechanism of polyacetylenes against cancer cell lines, the effects of these compounds were tested on cell membranes (rat erythrocytes and murine leukemic L-1210 cells) as well as on artificial lipid bilayers [22] . Panaxydol and panaxynol caused concentration-dependent hemolysis, while panaxytriol produced no lysis. With liposomes composed of phosphatidylcholine (PC) and phosphatidic acid (PA), all three polyacetylenes suppressed osmotic behavior to the same degree. Panaxytriol gave its least suppression with liposomes of PC, PA, and cholesterol. Electron-microscopic observations demonstrated that panaxydol caused nonspecific injury to L1210 cells by affecting the cell membrane, nuclear envelope, and mitochondria. The cytotoxicity of polyacetylenes may thus be related to membrane damage. A relatively polar panaxytriol had little effect on the cholesterol of lipid bilayers. Panaxytriol 7, from P. ginseng showed antiproliferative activity against several kinds of tumor cells, mitomycin C (MMC), and a human gastric carcinoma cell line, MK-1 [23] . Panaxytriol also inhibits human breast carcinoma cells (Breast M25-SF, 180 µM) in vitro and the growth of B16 melanoma transplanted into mice [24] .
Panaxydol (5), panaxynol (falcarinol) (6) and panaxytriol (7) inhibited the synthesis of DNA, RNA and protein in lymphoid leukemia L-1210 cells incubated with the drugs for 4-16 h [25] . Falcarinol showed anti-inflammatory activity, a marginal effect on cyclooxygenase activities (IC 50 values > 100 µM), inhibited 5-lipoxygenase (IC 50 , 2 µM), two isoforms of 12-lipoxygenase (leukocyte-type, 1 µM platelettype, 67 µM) and 15-lipoxygenase (4 µM) [25] . Panaxytriol (7), from red ginseng (P. ginseng), was studied to detect its effects on the growth and cell cycle of tumor cell lines [26] . It showed both significant cytotoxicity and inhibition of DNA syntheses in various tumor cells. For P-388D1, a mouse lymphoma cell line, IC 50 values for cytotoxicity and inhibition of DNA synthesis were 3.1 and 0.7 µg/mL, respectively. Also panaxytriol exhibited anti-proliferative activity on the tumor cell lines MK-1, HeLa and B16F10 [26] .
The cytotoxic effect of panaxytriol was both timeand dose-dependent. It also induced the cell cycle arrest of P388D1 at the G2/M phase. In particular, flow cytometry data indicated that the proportion of cells arrested in the G2/M phase increased from 9% to 26 and 48%, respectively, after 24 and 36 h exposure to panaxytriol at 5 µg/mL. A similar decrease was found for the cells arrested at the G0/G1 phase.
A series of other polyacetylene compounds of ginseng origin, including chlorine-containing chloropanaxydiol (8) and panaxydol (5) were tested for cytotoxic activities in different cell and tissue cultures [27] . Chloropanaxydiol (8) showed inhibitory activity against leukemia cells (L-1210) in tissue culture, and exhibited fungicidal properties.
The heptadeca-1-ene-4,6-diyne-3,9-diol 10-acetate (10-acetyl panaxytriol (9) from Korean ginseng roots) showed strong cytotoxic activity against L-1210 cells (ED 50 = 1.2 µg/mL) [28] . Acetylenic compounds (3-7) and (10-19) from the root of P. ginseng were tested for their cytotoxic activities on murine and human malignant cells (DT, NIH/3T3, L-1210, HeLa, T24 and MCF7 cells) in vitro [29] . Most of them showed more potent cytotoxicity than 5-fluorouracil (5-FU) and cisplatin (CDDP Three new cytotoxic polyacetylenes, PQ-1 (23), , and PQ-3 (25), from Panax quinquefolium exhibited strong cytotoxic activities against leukemia cells (L-1210) in tissue culture [32] . The anticancer agents panaquinquecol 4 (PQ-4) (26), panaquinquecol 5 PQ-5 (27), and panaquinquecol 6 (PQ-6) (28) were isolated from root extracts of P. quinquefolium as active ingredients, and had IC 50 values of 0.5, 10, and 0.5 µg/mL, respectively, against murine leukemia L1210 [33] .
C 17 -polyacetylenes PQ-4 (26) and PQ-6 (28) and a C 14 -polyacetylene PQ-5 (27) were isolated from dried roots of P. quinquefolium [34] . The cytotoxic activity of C 17 -poly-acetylenes (26) and (28) Panaxydol (5), heptadeca-1,8-diene-4,6-diyne-3,10-diol (20) , and 8-methoxypanaxydol (29) from Acanthopanax senticosus roots seem to induce various pro-apotosis mechanisms in animal cells [35] . Compound (29) Anticancer agents 1,16-heptadecadiene-4,6-diyne-3,9,10-triol (7), and compound (30) which inhibited L-1210, Ehrlich, and HeLa cell lines with IC 50 of 0.2, 1.3, and 2.1 µg/mL, respectively, have been isolated from Japanese ginseng [36] . C 17 -and C 14 -polyacetylenes (31) and (32, , from the dried roots of P. quinquefolium, showed strong cytotoxic activity (IC 50 = 0.1 and. 0.5 µg/mL, respectively) against leukemia cells (L-1210) in tissue culture [37] . Falcarinol (6), falcarindiol (21), and falcarinolone (34) from the Chinese crude drug Toki (the roots of Angelica acutiloba var. acutiloba, Umbelliferae) inhibited AcOH-induced writhing in mice [38] . Falcarindiol also showed anti-nociceptive activities in the retrograde injection test of bradykinin into a carotid artery of rats. Bioactive crepenynic acid (33) was obtained from crude extracts of Crepis rubra [39] . Three compounds (6, 21, and 34), have also been isolated from carrots and other root crops, and their phytoprotective, cytotoxic, and allergic properties reviewed [40] . The crude extract of Dendropanax arboreus was selected as a candidate for bioassay-guided fractionation on the basis of its relatively selective cytotoxicity to a subset of cell lines within the National Cancer Institute's (USA) disease-oriented in vitro tumor-screening panel [41] .
Dendropanax arboreus is native to America. It is spread from Mexico, across Central America, to northern South America and the West Indies. Its major ingredient responsible for the in vitro cytotoxicity was found to be falcarinol (6). Several other related compounds, including dendroarboreols A (35) and B (36) , dehydrofalcarinol (37) , dehydrofalcarindiol (38) , and 40 were proven to be effective. Their cytotoxic effects are shown in Table 1 [41] . Concentrations (1µM-10µM) of capillin (49) from Artemisia monosperma inhibited cell proliferation on four human tumor cell lines: colon carcinoma HT29, pancreatic carcinoma MIA PaCa-2, epidermoid carcinoma of the larynx HEp-2 and lung carcinoma A549 by inducing DNA fragmentation and cell death [53] .
The oil content increased in the aerial parts of Artemisia scoparia from the rosette stage to budding (from 0.21 to 2.5%) and flowering (0.23 to 2.6%). Concomitantly the capillene (51) content increased from 42.4 to 79.8% and that of capillin (49) decreased from 45.0 to 4.4% [54] . The capillene and capillin were the main components in both the roots and leaves of Artemisia capillaris growing at riverside sites [55] .
German Chamomile (Matricaria recutita, Asteraceae) oils containing ≥1% by wt of natural cis-and trans-spiro ether polyynes were obtained by steam distillation of fresh chamomile. Isolated compounds were named as Z-tonghaosu (52) and E-tonghaosu (53) [56], and they showed inhibiting activity on human lung cancer cell line, antiinsecticidal, and considerable antifeedant properties [57] [58] [59] . A new polyacetylenic diepoxide compound, gummiferol (54) was isolated from the leaves of Adenia gummifera (Passifloraceae) by KB cytotoxicity-guided fractionation. It exhibited cytotoxic actions on KB cell lines and a broad cytotoxic spectrum against another ten human cancer cell lines (Table 3 ) [60] . The medicinal plant Adenia gummifera is used to improve animal health in Tanzania. Polyacetylenic compounds isolated from roots of Gymnaster koraiensis (Compositae) included the gymnasterkoreaynes A to F (compounds 55 to 62, respectively) as well as 2,9,16-heptadecatrien-4,6-diyn-8-ol (59) and 1,9,16-heptadecatriene-4,6-diyn-3,8-diol (60) , and were separated by bioassay-guided fractionation using the L1210 tumor cell line as a model for cytotoxicity [61] . Gymnasterkoreaynes A-F are linear diacetylenes and are structurally related to falcarinol, panaxynol, panaxydiol, and panaxytriol. Of the compounds isolated, gymnasterkoreaynes B (56), C (58), F (62), and 1,9,16-heptadecatrien-4,6-diyn-3,8-diol (60) exhibited significant cytotoxicity against L-1210 tumor cells with ED 50 values of 0.12-3.3 µg/mL (Table 4 ). In addition, gymnasterkoreaynes A-F showed considerable antiproliferative activity against various cancer cells, inhibition of NO production and inhibition of ACAT [62] .
The antitumor acetylenic compounds 2-cis-dehydromatricaria acid (63), 2-trans-dehydromatricaria acid (64), cis-dehydromatricaria Me ester (65) , and transdehydromatricaria Me ester (66) were obtained from roots of Solidago virga-aurea (Compositae) [63a,b] , and other species [63c-f]. Polyacetylene (-)-17-hydroxy-9,11,13,15-octadecatetraynoic acid (67) , referred to as minquartynoic acid, from M. guianensis stem bark showed cytotoxic activity against P-388 murine lymphocytic leukemia in vitro. The P-388 ED 50 of the pure compound was 0.18 µg/mL, and it was also active in the brine shrimp larvicidal bioassay with an LC 50 of 5.06 µg/mL (95% confidence interval 3. 68-6.98 ). These biological activities could account for the alleged efficacy of the plant in folk usage [64] . More recently, minquartynoic acid was isolated from the air-dried bark of Coula edulis [65] , the twigs of Ochanostachys amentacea (both plants belonging to the Olacaceae) [66] , and from Minquartia guianensis bark [67] .
In addition, acetylenic acids (68 and 69) were isolated from the twigs of Ochanostachys amentacea [66] and their cytotoxic activities were determined (Table 5) . Minquartynoic acid (67) also showed moderate in vitro activity against Plasmodium falciparum and Leishmania major, and strongly inhibited phytohaemagglutinin A-induced proliferation of human lymphocytes [68] . A dichloromethane extract of celery root (Apium graveolens) yielded falcarinol (6), falcarindiol (21) , panaxydiol (70) , and 8-OMe-falcarindiol (71) [69] . Its nonpolar extracts as well as those obtained fromroots and bulbs of carrots, fennel, parsley, and parsnip were separated by HPLC [69] . All species contained polyacetylenes, although carrots and fennel only in minor amounts. In addition, using the annexin (72) and (75) Seselidiol (76) has been isolated from the roots of Seseli mairei [70] . Seselidiol, its acetate (77), and compound (78) showed moderate cytotoxicity against KB, P-388, and L-1210 tumor cells (Table 7) . Table 9 ). From the rhizomes of Atractylodes lancea were isolated bioactive compounds (94-99) [77] . Only (94) showed strong inhibition of 5-LOX and COX-1 activity (IC 50 (5-LOX) = 3.4 µM, IC 50 (COX-1) = 1.1 µM). The activity of the other compounds is shown in Table 10 . Crude extracts of seven species of the genus Argyranthemum were tested for potential cytotoxic and antimicrobial activities [78] . Argyranthemum adauctum, A. foeniculaceum and A. frutescens were effective against both Gram-positive and Gram-negative bacteria and showed cytotoxic activity against HeLa and Hep-2 cell lines (Table 11) . The cytotoxic activity of the isolated compounds (100-110) against HeLa and Hep-2 cells is shown in Table 12 . archangelica, A. airopupurea, A. dahurica, A. japonica, A. glauca, A. gigas, A. koreana, A. sinensis, A. sylvestris, etc ., have been used traditionally for their anti-inflammatory, diuretic, expectorant and diaphoretic effects, and as a remedy for colds, flu, influenza, hepatitis, arthritis, indigestion, chronic bronchitis, pleurisy, typhoid, headaches, wind, fever, colic, rheumatism, bacterial and fungal infections and diseases of the urinary organs. 
OH
Some identified compounds from Angelica species showed antimicrobial, anticancer, antitumor, analgesic, anti-inflammatory, hepatoprotective, and nephroprotective activities. The CHCl 3 extract from Angelica japonica root showed high inhibitory activity on human gastric adenocarcinoma (MK-1) cell growth. From this extract, a new furanocoumarin named japoangelone and four furanocoumarin ethers of falcarindiol, named japoangelols A (111, ED 50 , 8.5 µg/mL), B (112, ED 50 , 7.2 µg/mL), C (113, ED 50 , 7.4 µg/mL), and D (114, ED 50 , 8.4 µg/mL) were isolated and tested. In addition, other four polyacetylenes were isolated and tested in the MTT assay: panaxynol (ED 50 , 0.3 µg/mL), falcarindiol (21) (ED 50 , 3.2 µg/mL), and 8-O-acetylfalcarindiol 71 (ED 50 , 3.2 µg/mL). Moderate activity of (111) (112) (113) (114) against HeLa and B16F10 cell lines were also reported [81, 82] .
A few acetylenic phytosterols were found in plant species. The first acetylenic sterols (115-117) from Gymnostemma pentaphyllum (Cucurbitaceae) were isolated by Akihisa and co-workers in 1989 [83] . Acetylenic sterols having the same structure (except for the side chains) as the anticancer agent spinasterol (118) were isolated from Pueraria root (Pueraria mirifica from Thailand and Pueraria lobata from Korea) [84a] . These plants are used as a rejuvenating folk medicine in Thailand and China. The ethanol extracts had significant antiproliferative effects on breast cancer cell lines, including MCF-7, ZR-75-1, MDA-MB-231, SK-BR-3, and Hs578T. Spinasterol inhibited the growth of some breast cancer cell lines (MCF-7, MDA-MB-231) in a dose-and timedependent manner, as well as the growth of ovarian (2774) 
Fungal Acetylenic Metabolites
Fungi species produce many different acetylenic metabolites, but only few of them show cytotoxic, antitumor and/or related activities [85, 86] . Two glutamyl-peptides, γ-glutamyl-L-2-aminohex-4-ynoic acid (119) and γ-L-glutamyl-L-erythro-2-amino-3-hydroxyhex-4-ynoic acid (120), were isolated from the fruit bodies of Tricholomopsis rutilans [87] . Derivatives of these amino acids showed antiviral, anticholesterol and anticancer activities [88, 89] . Mycomycin (121) Two bioactive polyynes, 10-hydroxyundeca-2,4,6,8-tetraynamide (126) and 3,4,13-trihydroxy-tetradeca-5,7,9,11-tetraynoic acid-γ-lactone (127) were isolated from cultures of the fungus Mycena viridimarginata [99] . Compound (126) was highly active against Gram-positive and Gram-negative bacteria, yeasts, filamentous fungi, and Ehrlich ascites carcinoma. The second compound (127) had similar though less pronounced biological activities. A novel chlorinated benzoquinone antibiotic, mycenon (128), was isolated from the culture broth of a basidiomycete, Mycena sp. and shown to inhibit isocitrate lyase (EC 4.1.3.1) [100] . Repandiol (129), a new cytotoxic diepoxide, (2R,3R,8R,9R)-4,6-decadiyne-2,3:8,9-diepoxy-1,10-diol, was isolated from the mushrooms Hydnum repandum and H. repandum var. album [101] . Repandiol displayed pronounced cytotoxic effects against various tumor cells. It was found to form interstrand cross-links of DNA, linking deoxyguanosines on opposite strands primarily within the 5′-GNC and 5′-GNNC sequences preferred by diepoxyoctane. However, repandiol was a significantly less efficient cross-linker than diepoxyalkanes (diepoxyoctane and diepoxybutane) [102] .
Bacterial Acetylenic Metabolites
Microorganisms produce a large variety of biologically active substances representing a vast diversity of fascinating molecular architecture not available in any other living systems. During the last two decades, quite a few active compounds having an enediyne unit have been isolated and identified from. soil bacteria. In 1987, Lederle [103, 104] and BristolMyers [105, 106] groups revealed unprecedented molecular architecture of a new class of natural products, the so-called enediyne anticancer antibiotics The enediynes are characterized by the presence of an unsaturated core with two acetylenic groups conjugated to a double bond or to an incipient double bond. They are categorized into two subfamilies possessing either 9-membered ring chromophore cores or 10-membered rings.
Calicheamicin γ1 (130), the most prominent member of the calicheamicins, was isolated from Micromonospora echinospora ssp. calichensis and is a remarkable piece of engineering by Nature, which has perfectly constructed the molecule to endow it with its extraordinary chemical and biological properties [107] . One can mention, in particular, its efficiency in the biochemical prophage induction assay at concentrations <1 pM, high anti-bacterial activity, and extreme potency against murine tumors such as P388 and L-1210 leukemias and solid neoplasms such as colon 26 and B16 melanoma with optimal doses of 0.15-5.0 µg/kg.
The esperamicins represent a class of antitumor antibiotics revealing extremely high cytotoxicity. A family of potent esperamicins showing a broad spectrum of antimicrobial and antitumor activity in murine systems has been identified in cultures of Actinomadura verrucosospora [103] . The esperamicins are characterized by the presence of a particular central core. Unusual features of the core include a bicyclo[7.3.1] ring system, an allylic trisulfide attached to the bridging atom, a 1,5-diyn-3-ene as part of the ring system, and an α-3-unsaturated ketone in which the double bond is at the bridgehead of the bicyclic system. Esperamicin A1 (131) contains four sugars attached to the bicyclic core and an aromatic chromophore attached to one of the sugars. Cytotoxicities of esperamicins A1 (131), C (133) and D (134) are presented in Table 13 . Another compound, Esperamicin P (132) isolated from a fermentation broth of Actinomadura verrucosospora was found to differ from esperamicin A1 by possessing a methyl tetrasulfide moiety instead of a methyl trisulfide [108] . It was active against xenografted tumors in mice and exhibited antimicrobial activity. It also showed antitumor activity against cultured cell lines with IC 50 values (µg/mL) 0.01, A549 human lung and A549 (VPresistant); 0.02, B16-PRIM murine melanoma, and <0.002, HCT-116 human colon and HCTNP35 (VPresistant human colon [108] . (140) Neocarzinostatin (137) showed antibacterial activity against Gram-positive organisms: Bacillus subtilis, 32 µg/mL; Staphylococcus aureus, 16 µg/mL; S. aureus, 32 µg/mL; S. aureus, 8 µg/mL; Sarcina lutea, 2 µg/mL; and S. lutea, 2 µg/mL. In mice with ascitic sarcoma 180, 3.2 mg/kg was tolerable daily. The LD 50 was 30 mg/kg. In doses 0.1-3.2 mg/kg/day neocarzinostatin inhibited tumor growth with a therapeutic index of 32; 0.8-3.2 mg/kg/day ranges gave 100% survival. Doses of 0.2-3.2 mg/kg/day in leukemia SN-36-bearing mice significantly prolonged survival of animals. Kedarcidin (138) showed antitumor activity against implanted P388 leukemia (3.3 µg/mL/kg), and B16 melanoma (2 µg/kg) in mice. It was also effective against Grampositive, but not against Gram-negative, bacteria [121] . The antibiotic maduropeptin (139) was active against Gram-positive bacteria and highly cytotoxic to tumor cells. It produced significant prolongation of survival of mice implanted with P388 leukemia and B16 melanoma [122] . Antibiotic N1999A2 (140) bacteria [123] . For details on the chemistry and biological activities of this family of antibiotics see recent publications [124] .
Concluding Remarks
Anticancer agent therapy is gradually changing from the cellular to the molecular level. A variety of novel research avenues are available with the assistance of a large number of new compounds possessing strong anti-tumor activity.
In this review we focused on substances isolated from plants, microorganisms, and fungus species. Many of them display antitumor activities and safety profiles completely different from those revealed by standard cytotoxic agents. It is noteworthy to mention that we are still quite far from elucidating exact mechanisms of antitumor activities of the acetylenic compounds described above. Rare are the studies in which efficiencies and side effects of pure acetylenes and extracts are compared. No attempt has been made, for example, to find out which molecules (water insoluble polyacetyles, ginsenosides, flavonoids, B vitamins, etc.) are responsible for beneficial actions of extracts from ginseng roots. Surprisingly, in spite of very promising results obtained in preclinical tests (mice or cell lines), active constituents of genseng (and of many other plants and fungi) were not clinically evaluated.
